GABAergic and glutamatergic axons innervate the axon initial segment and organize GABA(A) receptor clusters of cultured hippocampal pyramidal cells.
We have studied gamma-aminobutyric acid (GABA)(A) receptor (GABA(A)R) clustering within the axon initial segment (AIS) in low-density cultures of hippocampal pyramidal cells following GABAergic and glutamatergic innervation of the AIS. Large, intensely fluorescent, and postsynaptic GABA(A)R clusters were present in the AIS. More than 95% of these clusters colocalized with presynaptic GABAergic or glutamatergic terminals, forming matched or mismatched synapses, respectively. Less than 5% of the GABA(A)R clusters of the AIS did not colocalize with GABAergic or glutamatergic terminals, suggesting that GABA(A)Rs normally do not form clusters unless the AIS received GABAergic or glutamatergic innervation. Few or no clusters of the alpha-amino-3-hydroxy-5-methyl-4-isoxazole-propionate (AMPA) receptors or the postsynaptic density-95 protein (PSD-95) were found in the AIS, even when the AIS was innervated by glutamatergic axons. Glutamatergic innervation of the AIS that formed mismatched synapses with postsynaptic GABA(A)R clusters mainly occurred when the AIS did not receive GABAergic innervation. However, when the AIS was innervated by GABAergic axons, the formation of matched GABAergic synapses predominated and coincided with large reductions in both the density of glutamatergic terminals from the AIS and the mismatching of GABA(A)R clusters. A similar effect was observed at axo-dendritic synapses, where GABAergic innervation also led to a large decrease in mismatched GABA(A)R clusters and a smaller, but significant, decrease in glutamatergic terminal density in dendrites that received GABAergic innervation. We hypothesize that competition between GABAergic and glutamatergic innervation of the AIS in the intact hippocampus leads to the exclusive presence of GABAergic inhibitory synapses in the AIS of pyramidal cells.